Despite a vast clinical application of anesthetics, the molecular level of understanding of general anesthesia is far from our reach. Using atomistic molecular dynamics simulation, we study the effects of common anesthetics: ethanol, chloroform and methanol in the fully hydrated symmetric multicomponent lipid bilayer membrane comprising of an unsaturated palmitoyl-oleoyl-phosphatidyl-choline (POPC), a saturated palmitoyl-sphingomyelin (PSM) and cholesterol (Chol) which exhibits phase coexistence of liquid-ordered (l o ) -liquid disordered (l d ) phase domains. We find that the mechanical and physical properties such as the thickness and rigidity of the membrane are reduced while the lateral expansion of the membrane is exhibited in presence of anesthetic molecules. Our simulation shows both lateral and transverse heterogeneity of the anesthetics in the composite multicomponent lipid membrane. Both ethanol and chloroform partition in the POPC-rich l d phase domain, while methanol is distributed in both l o −l d phase domains. Chloroform can penetrate deep into the membrane, while methanol partitions mostly at the water layer closed to the head-group and ethanol at the neck of the lipids in the membrane.
I. INTRODUCTION
The influence of small molecules on the bilayer membrane has been extensively studied in last few decades. It is well known that the alco- Though several theoretical and experimental studies have been engaged to investigate the path of the general anesthesia, it is still a controversial issue. In the context of the mechanism of the general anesthesia, one hypothesis is based on the influence of anesthetics on the specific proteins. It is believed that anesthetic molecules bind directly to the specific receptors in the transmembrane proteins and block the protein functions by changing its conformational equilibria [4, 5] . The other hypothesis suggests that there is an indirect mechanism involved in the anesthesia where the physical properties of lipid membrane have been changed nonspecifically by anesthetic molecules and hence, it alters the activity of the membrane proteins [6] [7] [8] .
The effects of anesthetics on the biological systems have been studied experimentally using the variety of different techniques, such as NMR, X-Ray, AFM imaging and theoretically which reveal that anesthetic molecules alter the lipid structures of the membrane. NMR spectroscopic studies reveal that ethanol molecules can have disordering effect on the lipids [9] [10] [11] [12] [13] [14] .
It is also observed that ethanol molecules interact with head groups of the lipids via hydrogen bonding. The optical birefringence measurement study on the synthetic bilayer suggest that chloroform increases the acyl chain order of the lipid membrane [15] . In differential scanning calorimeter and X-Ray studies reveal that ethanol produces structural changes in the lipid membrane above its main phase transition temperature. Partitioning of the alcohols into the water/lipid phases have been studied theoretically [16] [17] [18] . Atomistic molecular dynamics simulations have been used to elucidate the effect of anesthetic molecules on the model membrane [12, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
In the family of small alcohol molecules, ethanol and methanol are structurally similar.
Ethanol has CH3-CH2-group, while methanol has only CH3-group attached to the hydroxyl (OH-) group, respectively . The methanol is highly poisonous to the central nervous system and might result blindness, coma and death. to provide a greater safety.
In the present work, we study the effects of common anesthetics such as ethanol, chloroform and toxic methanol on the symmetric model 'raft membrane composed POPC, PSM and Chol. The motivation of choosing these 3 lipids is based on the fact that it is widely accepted that cell surface of the living cell membrane exhibits lipid-based micro-structured domains called 'rafts' [31] [32] [33] involved in a variety of cellular processes including signaling and endocytosis. The existence and nature of these functional cellular rafts have been discussed later with great details [34] [35] [36] [37] [38] [39] . It is established from the studies on the properties of the raft membrane that these domains are com- The article is organized as follows: we first describe the details of the atomistic molecular dynamics simulations of the multicomponent bilayer membrane. Next, we present our main results of the spatial heterogeneity of the components, effects of anesthetics on the order parameter and lateral pressure profile. We end with some concluding remarks.
II. METHODS
Model membrane : We study symmetric 3-component bilayer membrane embedded in an aqueous medium by atomistic molecular dynamics simulations (MD) using GROMACS- We calculate the lateral pressure profiles in the bilayer using Irving-Kirkwood contour and grid size 0.1 nm. We calculate the pairwise forces by rerunning the trajectory with cut-off 2 nm for electrostatic interactions using LINCS algorithm to constrain the bond lengths [50] and the SETTLE algorithm to keep the water molecules rigid [51] so that integrator time step of 2 fs can be used. We generate pressure profiles from trajectories over 200 ns using SHAKE algorithm [52] to constrain bond lengths. 
Computation of Voronoi Tessellation
averaged over space (denoted by C uu ).
We compute C uu for POPC-ethanol, POPCchloroform and POPC-methanol in the respec- parameter S of the acyl chains of the lipids in the membrane and it is defined as S = form and methanol are given in Table - show the probability distribution of the change of the area, P (δA) of POPC and PSM in the membrane with ethanol (red), chloroform (blue), and methanol (green) compared to without anesthetic membrane, respectively.
thinner l d phase domains. Here, we tabulate the average thickness of the membrane given
in Table- When we add any anesthetic molecule to the bilayer membrane, it penetrates into the bilayer.
As a result, the area of the lipid has been increased for any anesthetics. Here, methanol molecules stay mostly at the water layer and head of the lipids in the membrane. Therefore, the effect of methanol in broadening the area of the lipid is least whereas, ethanol molecules stay at the neck of the lipids and push the surrounding molecules away, leading to the highest value of the area of the lipids. But, the chloroform penetrates into the membrane and can stay at any position into the membrane. As a result, the effect of chloroform in increasing the area of the lipid is slightly greater than methanol but, much less than that of ethanol. Moreover, we find that the height of the peak in the probability distribution, P(δA) is much higher whereas the width of the peak in that distribution is much thinner in POPC compared to that in PSM as the anesthetic molecules like to penetrate in the POPCrich l d phase domain compared to PSM-rich l o phase domain. Hence, the effect of anesthetics on the POPC lipids is more than that on the PSM lipids in the membrane.
D. Effects of anesthetics on the lateral pressure profile
The lateral pressure of the membrane is thought to be crucial in both protein activa- due to all other particles in the system. From the local stress profile σ ij , we compute the total force F i = ∂ k σ ik dv, its first moment (torque)
dv to verify whether we achieve force balanced and torque balanced mechanically stable bilayer membrane [34] . We further, calculate surface tension γ = π(z) dz
is the lateral pressure profile of the bilayer membrane to verify the equilibration of the system [55, 56] .
We calculate elastic properties from the lateral pressure profile. We can write Canham-Helfrich free energy density for lipid bilayer membrane as 
